ABSTRACT Oviposition site selection is crucial for the reproductive success of a herbivore insect species with relatively sedentary larvae. The optimal oviposition theory, i.e., the preference-performance hypothesis, has thus far mainly been tested with a focus on nutritional quality of the host. This study investigates whether female oriental fruit moth Grapholita (Cydia) molesta choose a microhabitat for oviposition characterized by a temperature range within which their offspring perform best. Thermal preferences of females during oviposition were assessed in a circular temperature gradient arena. Offspring performance and survival were assessed under different constant temperature conditions. Females preferred oviposition sites of ϳ30ЊC over lower and higher temperatures. At this temperature, egg, larval, and pupal development was signiÞcantly faster than at 22 and 25ЊC, and larval development was also faster than at 33ЊC. At 30ЊC and at the lower temperatures tested, survival of eggs and larvae was signiÞcantly higher than at 33ЊC, whereas development was precluded at 35ЊC. Furthermore, female pupal weight attained at 30 and 33ЊC exceeded that reached at the lower temperatures tested. Considering the potentially reduced predation risk caused by the shorter developmental time of eggs and larvae, the laboratory data suggest that this species maximizes its Þtness by selecting a thermally optimal environment for its offspring, supporting the optimal oviposition theory. Conversely, it is known that the codling moth (C. pomonella) lacks a mechanism to avoid temperatures lethal to progeny development, which may reßect the differences in geographic ranges of these tortricids.
Oviposition site selection by herbivorous insects is crucial for their reproductive success. Theory predicts that oviposition preference by the adult female should correlate with host suitability for offspring development (Jaenike 1978) . The suitability of a plant or a plant site for larval development is a function of many variables, including its chemical and physical properties and the microhabitat (Jaenike 1978) . It is well established that herbivorous insects can discriminate among plants by a variety of sensory modalities and thereby select or reject them. Biotic cues such as stem pubescence (Calatayud et al. 2008) , plant colors or contrasts (Hausmann et al. 2004) , plant odors (Piñ ero and Dorn 2009), or chemical contact cues (Vogler et al. 2009 ) may inßuence a femaleÕs decision. The beststudied biotic stimulus for oviposition site selection is the nutritional quality of the host plant for the adult insect and/or its offspring (Scheirs et al. 2004 , Heisswolf et al. 2005 and references therein, Low et al. 2009) .
Similarly, abiotic cues may exhibit direct or indirect effects on the value of a microhabitat, or the behavioral patterns of the female, and hence its host choice. In lepidopteran herbivores, several species were observed to oviposit on the sunny side of plants, even in the absence of differences in leaf quality potentially affecting larval development (Bernays and Chapman 1994) . Among the microclimatic factors, temperature has a crucial inßuence on the behavior of adult herbivores (Kü hrt et al. 2006 ) and their interactions with plants (Shreeve 1986 , Alonso 1999 , as well as on the performance of their offspring (Hughes et al. 2004 , Manrique et al. 2008 ). Temperature at the oviposition site may provide reliable cues for thermal conditions optimal for embryonic and larval development, given that the larvae are relatively sedentary and develop close to the oviposition site. Females in search of a suitable oviposition site might be sensitive to its physical properties (Huey 1991) , in particular to its temperature. However, little is known about the relationship between the temperature range preferred by the female and the most suitable temperature range for the development of her offspring (see reviews by Bernays and Chapman 1994, Heisswolf et al. 2005) . Only few studies deal with microhabitat choices characterized by different microclimatic conditions. Three different lepidopteran species of the family Papilionidae appeared to lay most of their eggs in sunny habitats, although shady habitats were found to be more suitable for juvenile development and survival (Rausher 1979) . Similarly, infestation by the Þrst generation of the codling moth Cydia pomonella L. (Lepidoptera: Tortricidae) was lower at the north-facing tree side compared with the south-or east-facing side (Stoeckli et al. 2008) . Laboratory experiments documented that this species deposits its eggs on the warmest site, whereas egg survival decreases rapidly with rising temperatures (Kü hrt et al. 2006) . Hence, performance of preimaginal stages and microhabitat selection by the adult female were, contrary to expectations, not correlated in these cases.
An effective mechanism underlying microhabitat selection in many insect species is behavioral thermoregulation. It leads to the choice of thermally favored microclimates, especially of sunny or shaded substrates (May 1979) . Such temperature selection behavior has been reported for a number of lepidopteran (Casey 1976 , Kü hrt et al. 2005 ) and coleopteran species (May 1982 , Kreuger and Potter 2001 , Hausmann et al. 2005 . Thermal orientation may lead the adult female to an optimal environment for development of her progeny, but, as mentioned above, there may be exceptions.
Tortricids of the tribe Grapholitini include a number of economically important pests, in particular the codling moth and the oriental fruit moth Grapholita (Cydia) molesta (Busck) (Lepidoptera: Tortricidae). The oriental fruit moth is a key pest of peach and other fruits worldwide (Natale et al. 2003) , with a preference for peach over apple (Myers et al. 2006) . Its lifestages occupy different microhabitats (Rothschild and Vickers 1991) . On the main stone fruit hosts, eggs are laid adjacent to young shoots. Neonate larvae quickly bore into nearby host plant tissue, typically within 2 h of hatching. Successive larval instars continue to feed on this tissue, i.e., on shoots, stem, or fruit. On completion of feeding, the Þnal-instar larva leaves the plant material in search of an appropriate site for forming a silken cocoon, on the tree or on the ground, and to pupate (Rothschild and Vickers 1991) . Although females can ßy considerable distances Dorn 2002, Hughes et al. 2004) , feeding larvae are sedentary and usually complete their feeding period close to the penetration site, for instance, within the same fruit (Rothschild and Vickers 1991) . Studies on the response of the oriental fruit moth to changing abiotic conditions (Hughes et al. 2004 ) indicate a high potential for adaptation. However, in contrast to the codling moth C. pomonella (Kü hrt et al. 2005 (Kü hrt et al. , 2006 , little is known on the thermal response of the oriental fruit moth, despite its high economic signiÞcance (Natale et al. 2003 , IlÕichev et al. 2004 , Evenden and McClaughlin 2005 .
The objective of this study was to test the optimal oviposition theory, i.e., whether females will choose a microhabitat for oviposition characterized by a temperature range within which their offspring perform best. Thermal preference of females during oviposition was assessed using a circular temperature gradient arena, which prevents any edge effects (Kü hrt et al. 2006) . Performance of the offspring was studied under controlled conditions (Summers et al. 1984 , Kü hrt et al. 2005 at different constant temperatures, thus potentially providing comparable insight into population dynamics of particular species. In view of the documented sensitivity to abiotic cues and the relatively sedentary behavior of the feeding larvae (Scheirs and De Bruyn 2002) , the oriental fruit moth was considered a promising candidate for testing the oviposition preferenceÐ offspring performance hypothesis.
Materials and Methods
Behavioral Bioassays on Temperature Preference of Ovipositing Females. The oriental fruit moth culture originated from pupae obtained from a commercial rearing station in Italy (BioTechnologie, Todi-Perugia, Italy). Subsequently, insects were reared in our laboratory for Ͼ10 generations in a controlled environment room (23 Ϯ 0.5ЊC, 70 Ϯ 3% RH, 16 L: 8 D). Adults were collected on the day of eclosion and placed together in an oviposition cylinder (1,425-cm 3 mesh-bottomed plastic cylinders). They were supplied with water from a reservoir with a cotton wool wick. The oviposition cylinders were lined with a plastic sleeve on which oviposition took place and which was replaced twice a week. Newly hatched larvae were placed singly in covered plastic rearing boxes (8.7 cm 3 ) Þlled with Ϸ800 mg (1.8 cm 3 ) agarbased artiÞcial diet containing maize ßour, wheat ßakes, brewerÕs yeast, and preservatives (Huber et al. 1972) . After reaching the Þnal (Þfth) instar, larvae were transferred all together into plastic boxes containing strips of corrugated cardboard for pupation.
Experiments were conducted with singly mated females. Therefore, one male and one female moth (1 d old) were placed together in a mating cylinder (100-ml plastic cylinder). The moths were paired 3Ð 4 h before sunset and were separated Ϸ24 h later, shortly before the start of the experiment. Only females that laid a number of eggs exceeding six (see below) were considered for analyses.
Eight identical circular arenas consisting each of an aluminum ring tunnel were set-up: four for temperature gradient experiments and four for control experiments. Each ring tunnel (with an outer diameter of 32.6 cm and an inner diameter of 27.0 cm) was a hollow ring of aluminum, 2 mm thick, where the horizontal portion of the ring was 20 mm wide and the tunnel height was 20 mm. The ring tunnel was tightly covered with a 2-mm-thick lid (Kü hrt et al. 2006) . A constant temperature gradient was generated with a single IRlamp per ring (R125 IR R, 250 W; Philips, Roosendaal, The Netherlands), heating the ring horizontally at an angle of 0Њ (Fig. 1) . The opposite side of the ring was shielded from the radiation. The temperatures of the ring side walls were measured on the outer surface at each of 36 different 10Њ sectors: 0 Ð10, 10 Ð20Њ, etc., with a thermocouple (type BT-1, accuracy Ϯ 0.1ЊC; Physi-temp Instruments, Clifton, NJ). These temperatures of the ring walls were considered relevant, because the female moths were in direct contact with the aluminum surface and deposited their eggs directly on this substrate. The ambient temperature in the climate chamber for the temperature gradient experiments was 23ЊC (60% RH). The temperature gradient achieved in the ring arenas ranged from 25 to 35ЊC, and it was the same in the two halves of the ring at both sides of the lamp, with spatially less distinct temperatures at the low-temperature end. Control experiments were carried out in circular arenas at constant temperature in a climate chamber at 26ЊC (60% RH). Temperature conditions around 30ЊC reßect mean monthly temperatures from May to September in a core distribution region of the insect, the Emilia-Romagna in Italy (Anonymous 2008) .
Mated female moths at the age of 2Ð3 d after eclosion were tested individually. They were left for 24 h in the temperature gradient or the control setup, then the females were removed, and the eggs per 10Њ sector were counted (36 sectors: 0 Ð10, 10 Ð20Њ, etc.) separately for the lid, bottom, and inner and outer side walls. The numbers of eggs were combined within six equal-sized sectors for each half of the ring (30Њ sectors: 0 Ð30, 30 Ð 60Њ, etc.) to test for general distribution of the laid eggs and to compare egg distributions in the temperature gradient and the control trials. There was ample space in the arena for the females to lay all their eggs in the preferred temperature zone.
Because the temperature gradient in the rings was not linear, the numbers of eggs were additionally combined within 11 zones of equal temperature (1ЊC zones). Egg counts from the bottom surface (6.9% of the total number of eggs) were excluded, because the surface temperatures of the ring bottom could not be measured. Only females that laid at least six eggs (according to the number of the equal-sized sectors) were considered for analyses. A total of 45 individuals fulÞlling this criterion were analyzed each from the temperature gradient and control experiments. An index was calculated based on the proportion of eggs in a speciÞc temperature zone relative to the area of the temperature zone.
Physiological Experiments on Temperature Effects on Preimaginal Stages.
For a preliminary physiological experiment with three temperatures (25, 30, and 35ЊC) carried out in parallel to the behavioral bioassays, oriental fruit moth individuals from the same colony were used as described above. For the subsequent main physiological experiment with Þve temperatures (22, 25, 30, 33, and 35ЊC) , the stock colony had to be re-established. Insects were obtained again from Italy (by Þeld collection in orchards in the province Emilia Romagna) and reared for Ϸ10 generations under controlled conditions in an insectary that offered similar conditions as used for maintenance of the Þrst culture (25 Ϯ 1ЊC, 60 Ϯ 10% RH, 16 L: 8 D). Voucher specimens have been placed in the Entomological Collection, ETH Zurich, Zurich, Switzerland.
Two generations of prebreeding were realized to avoid sibling mating (inbreeding) among the parents of the insects to be tested in the physiological assay. Ninety male and 90 female pupae were taken from the stock colony and kept separated by sex in polystyrol rearing boxes (10 by 10 by 8 cm, 25 pupae per box) until adult emergence. On adult emergence, they were provided with a wet cotton wick. To establish families, one female and one male moth, each 1Ð3 d old, were paired together in transparent PVC boxes (60 by 35 by 15 mm). The progeny of each pair (family) was reared separately under the same conditions as the stock colony. On pupation, one male and one female were taken from different families to establish a second generation, following the same rearing procedure as for the Þrst generation. The second generation represented by a total of 83 ovipositing females was used for the experiments (few females laid no eggs; the minimum target of 15 females per temperature treatment ϭ 75 females was attained). The number of females assigned to each temperature regimen amounted to 15Ð17.
To obtain eggs Ͻ24 h old, adults from egg-containing boxes were transferred daily into a new box and provided again with a wet cotton wick. The eggs in the Þrst box were counted and randomly assigned to one distinct temperature regimen. All eggs led subsequently by the same female were assigned to the same temperature. Temperature regimens chosen for the main experiment were derived from the preliminary experiment that indicated best performance of the oriental fruit moth at 30ЊC compared with 25 and 35ЊC, respectively. Hence, the main physiological experiment included 30ЊC along with two higher (33 and 35ЊC) and two lower (22 and 25ЊC) temperatures, under which the insects were kept from the egg to the adult stage. Test insects were checked every 24 h for survival and development.
Egg developmental time was recorded as the number of days from oviposition to eclosion. Egg survival was determined by the number of larvae that hatched from the total of at least 1,700 eggs assigned to the same temperature. Subsequently, the number of the neonate larvae was reduced consistently in all treatments to approximate 600 individuals in each temperature regimen. This was achieved by twice transferring Ϸ20 larvae from each family into a petri dish of 14 cm diameter containing a 0.5-cm-thick layer of agar-based diet (Huber et al. 1972) , using a desinfected Þne paintbrush. Three days later, corrugated cardboard strips were inserted into the petri dishes. Larval developmental time was recorded as the number of days from eclosion to larval entry into the corrugated cardboard strip for pupation. Larval survival was assessed by the number of individuals that had entered the strip in relation to those that had been set-up as neonate larvae. Corrugated cardboard strips were exchanged daily in the petri dishes. Insects in cardboard strips were maintained in vials (one per progeny of a female) under the given temperature regimen. Subsequently, pupae were sexed, weighed (Mettler AT 261 Delta range, accuracy Ϯ 2 g; Mettler-Toledo, Greifensee, Switzerland), and returned to their given temperature regimen until adult emergence. Pupal developmental time was recorded as the period between larval entry into the cardboard strip and adult emergence from it, thus encompassing any nonfeeding prepupal stage the larva may have undergone. Pupal survival was assessed by the number of emerged moths in relation to the number of individuals that had entered the cardboard strip.
Statistical Analyses. In the behavioral bioassays, relative egg numbers were calculated as the proportion of eggs laid per female in the different sectors of the temperature gradient arenas. These relative egg numbers of the different sectors did not fulÞll the assumptions of parametric statistics and could not be adequately transformed. Thus, the nonparametric statistics by Friedman were used for the control and the temperature gradient trials, as in Kü hrt et al. (2006) . The Friedman test was followed by post hoc comparisons (DunnÕs test) to check for pairwise signiÞcant differences. The difference between temperature gradient and control trials was analyzed using repeated-measures analysis of variance (ANOVA), considering the arcsine-square-root transformed relative egg numbers as repeated measurements with the factor treatment with the two levels temperature gradient and control. All analyses were run with SPSS 11.0.2 (SPSS, Chicago, IL) for Apple MacIntosh except the post hoc (DunnÕs test) comparisons, which were computed using SsS 1.1a (Rubisoft Software, Eichenau, Germany).
In the physiological experiments, egg, larval and pupal survival rates were calculated as percentage surviving individuals. Furthermore, overall survival from the larval to the adult stage was calculated as percentage of surviving individuals, which had been set-up as neonate larvae. Differences in survival between temperature regimens were tested with a Kruskal-Wallis test in R (R 2.6.2, R Development Core Team 2008) and Wilcoxon test with an adjustment of the signiÞcance level according to the sequential Bonferroni test (Rice 1989) to account for multiple related tests on nonindependent data. To compare egg, larval, and pupal developmental time, as well as pupal weight and sex ratio (male to total number of individuals ratio) among the different temperature regimens, mean values were calculated separately for the progeny of each female. Differences in developmental time, pupal weight, and sex ratio between different temperature regimens were analyzed with a KurskalWallis test and a paired sample randomization test using SsS1.1a (Rubisoft Software) statistical software.
Results

Behavioral Bioassays on Temperature Preference of Ovipositing Females
The distribution of the eggs laid by the 45 individually tested oriental fruit moth females in the circular temperature gradient differed signiÞcantly among the different temperature sectors (Friedman test, n ϭ 45, 2 ϭ 14.28, df ϭ 5, P ϭ 0.014; Fig. 2A1 ). SigniÞcantly more eggs were laid in the sector with a mean temperature of 30.6ЊC than in the adjacent sector with the higher mean temperature of 33.0ЊC (DunnÕs post hoc, P Ͻ 0.05). The average proportion of eggs was also larger at 30.6ЊC than in the adjacent sector with the lower mean temperature of 28.3ЊC, but in this case, the difference was not signiÞcant. In the control, no signiÞcant difference in egg distribution was found among the sectors (Friedman test, n ϭ 44, 2 ϭ 8.67, df ϭ 5, P ϭ 0.123; Fig. 2A2 ). The relative number of eggs in corresponding sectors of the temperature gradient and the control were signiÞcantly different (RM ANOVA, F ϭ 9.90, df ϭ 1, 87, P ϭ 0.002), thus indicating no spatial preference bias.
Dividing the temperature gradient into 1ЊC zones showed the highest proportion of eggs at a temperature of 30ЊC with 21.7% of all eggs laid here (Friedman test, n ϭ 45, 2 ϭ 39.79, df ϭ 10, P Ͻ 0.001; Fig. 2B ).
Physiological Experiments on Temperature Effects on Preimaginal Stages
Survival. Preimaginal environmental conditions signiÞcantly inßuenced egg survival (Kruskal-Wallis test, n ϭ 63, 2 ϭ 53.39, df ϭ 4, P Ͻ 0.001), with high values found at 22, 25, and 30ЊC. Egg survival was signiÞ-cantly reduced at 33ЊC, and no larvae hatched at 35ЊC (Table 1) .
Larval survival was highest at 22, 25, and 30ЊC but signiÞcantly reduced at 33ЊC (Kruskal-Wallis test, n ϭ 63, 2 ϭ 35.1, df ϭ 3, P Ͻ 0.001; Table 1 ). Pupal survival was signiÞcantly inßuenced by temperature (KruskalWallis test, n ϭ 63, 2 ϭ 16.03, df ϭ 3, P Ͻ 0.001), with signiÞcantly higher pupal survival at 22ЊC than at 33ЊC (Table 1) .
Overall survival from the larval to the adult stage was signiÞcantly inßuenced by temperature (KruskalWallis test, n ϭ 63, 2 ϭ 35.94, df ϭ 3, P Ͻ 0.001), with reduced survival at 33ЊC compared with the high survival at 22, 25, and 30ЊC (Table 1) .
Sex ratio (male to total number of individuals ratio) of the surviving individuals determined at the pupal stage was signiÞcantly male biased at 33ЊC compared with 25ЊC (Kruskal-Wallis test, n ϭ 63, 2 ϭ 10.39, df ϭ 3, P ϭ 0.016; Table 1 ). Developmental Time. Temperature had a signiÞ-cant effect on the developmental time from egg to adulthood (Kruskal-Wallis test, n ϭ 63, 2 ϭ 57.02, df ϭ 3, P Ͻ 0.001), as well as on the developmental time of each preimaginal stage: egg (Kruskal-Wallis test, n ϭ 63, 2 ϭ 32.27, df ϭ 3, P Ͻ 0.001), larva (Kruskal-Wallis test, n ϭ 63, 2 ϭ 52.41, df ϭ 3, P Ͻ 0.001), and pupa (Kruskal-Wallis test, n ϭ 63, 2 ϭ 57.08, df ϭ 3, P Ͻ 0.001).
Total developmental time from egg to adulthood was signiÞcantly shorter at 30ЊC than at 25 and 22ЊC (Paired sample randomization test; 25 and 30ЊC: Q ϭ Ϫ4.66, P Ͻ 0.001; 22 and 30ЊC: Q ϭ Ϫ7.21, P Ͻ 0.001; Table 2 ). Development at 30ЊC required only two thirds of the time compared with that required at the lowest temperature tested (22ЊC). Overall, mean values for the complete development were lowest at 30ЊC and only slightly higher at 33ЊC, but this difference was not signiÞcant.
This difference between developmental time at 30 and 22ЊC was signiÞcant for the egg stage (paired sample randomization test; Q ϭ 5.49, P Ͻ 0.001; Table 2), the larval stage (paired sample randomization test; Q ϭ 7.21, P Ͻ 0.001), and the pupal stage (paired sample randomization test; Q ϭ 7.09, P Ͻ 0.001). Furthermore, the difference between developmental time at 30 and 25ЊC was signiÞcant for the egg stage (paired sample randomization test; Q ϭ 3.02, P Ͻ 0.02; Table 2), the larval stage (paired sample randomization test; Q ϭ 3.83, P Ͻ 0.001), and the pupal stage (paired sample randomization test; Q ϭ 4.67, P Ͻ 0.001).
The preimaginal environment had a signiÞcant effect on pupal weight of females (Kruskal-Wallis test, n ϭ 63, 2 ϭ 34.72, df ϭ 3, P Ͻ 0.001), with pupae reared at 30 and 33ЊC weighing signiÞcantly more than at 25 and 22ЊC (Table 2 ). The pupal weight of males was also signiÞcantly inßuenced by temperature (Kurskal-Wallis test, n ϭ 63, 2 ϭ 31.52, df ϭ 3, P Ͻ 0.001), with pupae reared at 33 and 30ЊC weighing signiÞ-cantly more than at 22ЊC (Table 2) .
Discussion
This study documents that female oriental fruit moth respond behaviorally to temperature by selecting oviposition sites at a temperature of ϳ30ЊC. This temperature supports a more rapid embryonic, larval, and pupal development than the lower temperatures of 25 and 22ЊC, as well as a higher egg and larval survival rate than the higher temperatures of 33 and 35ЊC, the latter being lethal to the eggs. Moreover, the ambient temperature of 30ЊC led to a higher female pupal weight of the offspring than the lower temperatures, indicating a Þtness gain for the femaleÕs offspring (Carle 1965 , Visser 1994 . The microhabitat temperature favored for oviposition by female moths coincides with the temperature allowing for best performance of the offspring.
Insect body temperature can be regulated behaviorally, particularly by microhabitat selection (Casey 1976 , Kü hrt et al. 2005 . Active microhabitat selection is not possible for immobile stages such as eggs, and therefore, a femaleÕs choice of oviposition site can have a major impact on the Þtness of her offspring (Rosenzweig 1991) . Accordingly, the ability to detect favorable oviposition sites and to avoid unfavorable ones can be expected to be under strong selection and has received intense scrutiny in studies of oviposition site preference (Bernays and Chapman 1994, Heisswolf et al. 2005 ). In the current study, oriental fruit moth females preferred oviposition sites culminating at a temperature of ϳ30ЊC as was clearly shown when the data from the temperature gradient were plotted relative to the area of the different temperature zones in analogy to a recent study by Kü hrt et al. (2006) . This behavior parallels the preference for a distinct temperature range within a gradient reported for different hematophagous hemipterans (Pires et al. 2002 , Guarneri et al. 2003 , Schilman and Lazzari 2004 and for a detrivorous dipteran species (Fogleman 1979) . However, in a lepidopteran species closely related to the oriental fruit moth, the codling moth C. pomonella, females preferred the highest available temperature for oviposition regardless of the temperature ranges offered in a similar trial set-up (Kü hrt et al. 2006) . Hence, within the same tribe (Grapholitini), the oriental fruit moth avoided oviposition sites with a temperature in excess of 30ЊC, whereas the codling moth proved to be strictly thermophilous.
Temperature is a key driving factor in insect development. The temperature ranges that allow development are characteristic of a species, and individuals cannot survive at temperatures outside this range (Willmer et al. 2000) . We hypothesized that the preferred temperature for oviposition in the oriental fruit moth may coincide with the most favorable temperature for development and survival of the preimaginal stages. Our results fully match this expectation. The microclimate of ϳ30ЊC chosen by the adult moth favors rapid embryonic, larval, and pupal development, whereas at lower temperatures (25 and 22ЊC), developmental time of all preimaginal stages was prolonged. Whereas egg, larval, and pupal developmental time at 33ЊC was similar to that at 30ЊC, survival in the egg and larval stages was drastically reduced. No survival was observed at 35ЊC. In addition to the short developmental time and good overall survival, the temperature favored by the adult female moth (30ЊC) resulted in an increased female pupal weight of the offspring compared with that obtained at lower temperatures. There is often a positive association between size Different letters indicate signiÞcant differences in a column at P Ͻ 0.05 (Kruskal-Wallis and paired sample randomization test between temperatures for each insect stage).
and/or weight of immature stages and adult fecundity in Lepidoptera (Fantinou et al. 2004) , and this is indeed the case in the oriental fruit moth (Rothschild and Vickers 1991) . Thus, pupal weight can be considered a good measure for adult fecundity in this species (Hughes et al. 2004) . Furthermore, sex ratio of the pupae was close to the expected 50:50% distribution at 30 and 25ЊC, whereas it became male biased at extreme temperature of 33ЊC. This suggests (assuming an even initial sex ratio of the neonate larvae) that survival rate of the offspring at 30ЊC is similarly high for females and males but signiÞcantly reduced for females at the highest temperature tested. This Þnding indicates an additional beneÞt of a microhabitat temperature of ϳ30ЊC for this species.
The thermal orientation of the oriental fruit moth females is consistent with at least three explanations. First, it favors rapid embryonic development. The temperature favoring rapid egg development may be an easily detectable cue for a female in search of an oviposition site. Second, a temperature of ϳ30ЊC indicates a favorable microclimate for future larval development. Development is accelerated compared with that at lower temperatures, whereas larval survival remains unchanged. In the oriental fruit moth, neonate larvae only wander around for a short period of time on the surface of the plant before boring into the plant tissue (Rothschild and Vickers 1991) , resulting in a larval feeding site in close vicinity of the oviposition site. Larvae may beneÞt from a short developmental time because they are particularly prone to mortality caused by a large number of larval parasitoid species (Rothschild and Vickers 1991, TschudiRein et al. 2004) , which can be more effectively evaded when the duration of the vulnerable period is minimized. Third, the temperature preferred by the adult female eventually leads to a higher female pupal weight of the progeny, promising increased adult fecundity.
Oviposition by the individual oriental fruit moth females in the circular arena was never strictly conÞned to the sector with the optimal thermal conditions for their offspring, because a minor portion of the egg load was also always deposited in sectors with lower and higher temperatures. Because precise predictions on future temperature development of a microhabitat are impossible at the time of oviposition, the oriental fruit moth may balance the risk associated with the choice of one single temperature by a risk distribution, as is known for this species in connection with its dispersal strategy (Hughes and Dorn 2002) .
The temperature favored by the ovipositing females seems optimal in the oriental fruit moth but not in the codling moth (Kü hrt et al. 2006) , considering good performance of the progeny as the decisive criterion. Codling moth females even deposited eggs at temperatures far beyond those providing a good chance for survival of their progeny (Kü hrt et al. 2006) . This discrepancy indicates a difference in adaptation to temperature in these two species belonging both to the internal fruit feeders of the tribe Grapholitini. Although there is an extended overlap of their distribution in several regions of the world including North America (Borchert et al. 2004) , their overall geographic distribution ranges differ considerably in Europe. Along a south-north transect through Europe, the oriental fruit moth is generally reported from Italy as a key pest of the stone fruit peach, requiring elevated temperatures (Hughes and Dorn 2002) . Mean summer temperature conditions typical for the Italian peach-growing province Emilia-Romagna are ϳ30ЊC (Anonymous 2008a) . The oriental fruit moth has been located only exceptionally north of the Alps. It was found in northern Switzerland during the particularly warm summer of 2003 (Tschudi-Rein et al. 2004 ), but, to our knowledge, it has not been reported in Germany or more northern countries. In contrast, the codling moth is widely distributed as a pome fruit pest in these countries including Germany (Blago and Dickler 1990 ) and even Sweden (Witzgall et al. 1999 ). The codling moth seems well adapted to these northern regions with generally moderate average temperatures. Frequently occurring short-term weather changes (Anonymous 2008b ) may reduce the reliability of the temperature at the time of oviposition for predicting the temperature during development of the offspring, rendering evolution of an optimal preference less likely. In fact, the codling moth even lacks a mechanism to avoid temperatures lethal to progeny development. In contrast, the current study documents a fail-safe mechanism for the oriental fruit moth, because its thermal orientation prevents choice of oviposition sites, which are too warm for subsequent successful development of the progeny. Generally more reliable warm temperature conditions such as are reported from Italy (Anonymous 2008a ) might have contributed to the evolution of this trait.
In conclusion, the tortricid species G. molesta seems to be highly adapted to warm conditions. Our laboratory data suggest that this species maximizes its Þt-ness by providing a thermally optimal environment for the development and the fecundity of its offspring, supporting the preferenceÐperformance hypothesis in respect to temperature-driven microhabitat choice. Further studies under Þeld conditions are needed to verify these laboratory Þndings.
